Sleep and work-family problems attract a great attention in the construction industry because construction professionals are usually prone to work-family conflicts and sleep problems. The objective of this study was to analyze the effect of Family-Role Overload (FRO) and Work Interference with Family (WIF) on sleep sufficiency. We also included life satisfaction as a mediator and family supportive supervision behaviors (FSSB) as a moderator. Using a sample of 193 Chinese construction professionals, we collected objectively-measured sleep sufficiency data with validated wrist actigraphies and self-reported sleep sufficiency data, FRO, WIF, life satisfaction and FSSB with questionnaires through multiple waves. Results demonstrated that FRO was negatively associated with both objectively-measured and self-reported sleep sufficiency and life satisfaction played an important mediating role in this relationship. The moderating effect of life satisfaction on the path between WIF and sleep sufficiency is trivial. In addition, no significant moderating effects of FSSB were found. More substantial policies should be taken to improve the life satisfaction and sleep sufficiency of construction professionals.
Introduction
Sleep problems have become an emerging global epidemic as the WHO estimates that more than one third of people around the world are sleep deprived [1] . In China, 38.2 percent of adults suffer from insomnia and more than 300 million Chinese have sleep disorders [2] . As an elementary physiological need, sleep is important to several somatic functions, including learning and memory [3] , metabolism [4] , and immunity [5] . Sleep deprivation can cause all kinds of internal health problems such as depression [6] , obesity [7] , diabetes [8] and cardiovascular disease [9] . Beyond the individual level, there is also the social side-effect of bad sleeping habits. Because sleep deprivation leads to a loss of self-control, the efficiency of teamwork will be reduced, and productivity will be cut down [10] . The necessity of adequate sleep makes it a priority to explore the antecedents of sleep insufficiency. A possible reason for sleep disorder is the emergence of family role overload and of inter-role conflict that occurs when the demands of work roles and those of family roles are mutually incompatible in some respects [11] [12] [13] [14] .
A preponderance of evidence shows that daytime stressors resulting from increasing role demands and role conflicts can significantly and negatively impact the duration and quality of sleep at night [15, 16] .
Once sleep debts accumulate, people feel exhausted and cannot focus at work or at home [17] , which will eventually aggravate family-work interface conflicts. As an increasing number of employees and their families are suffering from this vicious circle [18] , there is an urgent need of in-depth knowledge about the underlying mechanisms through which family role demands and conflicts in the work-family interface influence sleep and what are the potential mediators and moderators in the relationship.
In this article, we drew from Hobfoll's [19] conservation of resources theory of stress as an overarching theoretical framework to suggest that family-role overload (FRO) and work interference with family (WIF) have negative impacts on sleep sufficiency through the mediation of life satisfaction. FRO is described as a family-relevant stressor, which occurs when individuals are faced with a set of obligations, tasks, responsibilities or other role functions in the family domain (i.e., housework and caregiving), which require them to do more beyond their available resources [20] . Along with excessive family role tasks, people will experience increased role strain and diminished well-being. Research reveals that heavy disability-related family care responsibilities and gender inequality in sharing household labor and caregiving cause a higher level of anxiety and increase the likelihood of depression [21, 22] . Sociologists studying sleep highlight the relation between caring family members and the impacts on caregivers' sleep primarily in a gender asymmetrical way [23] , which offers the theoretical support for the negative relationship between role overload, stress and sleep. In this case, FRO is a potentially useful concept to promote a better understanding of the relationship between multiple roles and sleep.
In addition, the expectation of "ideal worker" and the popularity of workaholic behavior address more attention to the substructure called WIF. WIF occurs when experiences and commitments at work such as inflexible work hours, work overload, or an unsupportive supervisor or organization intrude on family life [24] . In today's high-demand labor market, employers expect workers unencumbered with non-work roles to focus entirely on work. However, continuous intense pressure and heavy workloads fueled by negative management practices will generate fear and anxiety, especially when employees lack the flexibility or resources they need and feel their work is getting in the way of their families [25] .
Further, some studies take the unmet personal requirements or needs as the main cause of low life satisfaction [26] [27] [28] . While numerous studies associate inter-role conflicts with poor life satisfaction, there are few studies evaluating the associations between life satisfaction and sleep. Life satisfaction is a long-lived cognitive evaluation of the overall quality of one's life [29] . As life satisfaction appears to encompass many individual life domains such as social relationships, work performance and cognitive competence [28, 30] , it can be a determinant factor in public health research. To address the calls of Strine et al. [31] , this study intended to advance the existing related studies by including life satisfaction as a mediator. Life satisfaction, the evaluation of one's life as a whole, can be an important, yet overlooked mechanisms through which FRO and WIF influences sleep, because both are sources of stress and may influence an individual's evaluation of quality of life, and then do harm to sleep. Apart from highlighting the key role of life satisfaction, it is also important to explore whether the dark sides of FRO and WIF can be mitigated by family supportive supervisor behaviors (FSSB). As Olson et al. [32] argued, an intervention focused on changing the workplace culture could increase the amounts of sleep employees attain both objectively and subjectively. The full FSSB training program initiated by Hammer and Kossek [33] also describes the benefits of providing emotional and instrumental support to help employees in competing work-family demands, which improves physical and mental health and leads to positive work-family spillover and job satisfaction. The stressful situation at home or at workplace could be lessened because supervisors provide more necessary resources to deal with conflicts [11] .
Drawing on a sample of 193 construction professionals in Southwest China, we collected data by questionnaires and actigraphic devices. We focused on the group of construction professionals, because these people usually endure exposure to noise, dust, and unhealthy solvents and work in extremes of heat or cold, they require physical and mental energy recovered from sleep to cope with long and inflexible work hours and unsafe working conditions [34] [35] [36] [37] . In addition, construction professionals are usually forced to endure separations from family due to the frequent and long business travel, which will trigger FRO and WIF more often and suffer higher rate of mental disorder and physical injuries than other occupational groups [38] .
Theoretical Background and Hypotheses Development
Conservation of resources (COR) theory postulates that individuals are motivated to maintain their current resources and to pursue new resources [19] . Resources refer to anything that a person values and can be broken down into four categories: objects (e.g., house, phone), conditions (e.g., status, social support), personal characteristics, (e.g., optimism, self-esteem), and energies (e.g., knowledge, time). Psychological stress occurs when there is a threat of resource loss or an actual loss of resources [19, 39] . According to the COR theory, FRO and WIF are particularly linked to the loss of resources such as time and positive emotions and sequentially result in psychological strain, which prevents employees from obtaining adequate sleep.
Family-Role Overload
Drawing from Kahn et al.'s argument [40] , role overload can potentially arise in the single domain of family when an individual feels there is insufficient time or human energy to carry out all of the expected role functions within the family. In this case, individuals with higher FRO are often accompanied by stress from a lack of resources (e.g., time, ability) [41] . For example, people combining childcare with caring for older or disabled relatives are known as the sandwich generation, who are struggling to manage their time efficiently between children, older parents, family, work, and personal well-being. All of these tasks are consuming their limited time and therefore, the performance both in the family and work domains may fail to live up to their expectations. Stress can impact individuals' well-being when individuals perceive the situation as stressful and their resources are inadequate to handle environmental stimuli (i.e., too many family-role obligations) [42] . Life satisfaction can be negatively affected by this kind of stress because life satisfaction has been associated with the attainment of a desired end and fulfillment of essential conditions [27] , the process of which is in high demand of adequate resources, especially time and energy. Based on theory and research, we hypothesized the following: Hypothesis 1 (H1). FRO is negatively associated with life satisfaction.
Work Interference with Family
Three subtypes of conflict are identified within WIF: time-based, strain-based, and behavior-based [43] . Drawing from resource allocation theory [44] , people need to allocate scarce resources (time) among work and family to achieve a balance goal. However, the allocation can hardly be balanced due to the conflict between heavy demands both in the work and family domains and the limited resources. First of all, time is a valuable but limited resource in one's life. When the work domain requires more time, the time devoted to the family domain will be cut down and cannot reach the desired amount [45] . Therefore, the shortage of resource makes it difficult to perform in the family domain successfully [19] . Second, strain-based WIF entails pressures in the work role impairing performance in the family role. For instance, employees who experience strain from the workplace are likely to bring negative emotions to the family and cannot concentrate on normal family activities when they are at home [46] . And third, behavioral-based WIF states that employees who consume their precious resources to develop effective behaviors at work cannot transfer these behaviors to fulfill demands or resolve problems at home. As a result, employees feel exhausted but still annoyed by incompatible demands in their family domains. WIF eventually leads to chronic stress, burnout, and frustration, which can breed the reception of dissatisfaction with life [27] . Therefore, we hypothesized a negative relationship between WIF and life satisfaction, leading to the following: Hypothesis 2 (H2). WIF is negatively associated with life satisfaction.
Life Satisfaction and Sleep
Life satisfaction is a stable and long-lived reception, which can have a long-arm effect on physical and mental health outcomes. Strine et al. [31] investigate the direct effect of life satisfaction on sleep and argued that life satisfaction seems to independently affect sleep sufficiency regardless of other psychological stressors. Individuals who are more satisfied with life would judge that their lives fulfill their ideal life-plans. Once the life lives up to the expectation, there may be less reported worry and anxiety, which are antecedents of symptoms of sleep onset delay, wake after sleep onset [47] , and even insomnia [48] . A report provided by the American Academy of Sleep Medicine [49] found that middle-aged adults who are more satisfied with their lives tend to fall asleep faster than their less satisfied peers. Therefore, they are more likely to obtain a larger amount of both self-reported and objectively-measured sleep sufficiency. On the contrast, people with low life satisfaction are more likely to put themselves on a state of stress and anxiety. While the stress raises, people cannot perform an easy sleep because the release of particularly cortisol, adrenaline and noradrenaline puts the body on a state of heightened alertness [50] . Taken together, we hypothesized the following:
Hypothesis 3 (H3).
Life satisfaction is positively associated with (a) self-reported sleep sufficiency and (b) objectively-measured sleep sufficiency.
Family-Supportive Supervision Behaviors (FSSB)
Hammer et al. [51] conceptualize FSSB as a multidimensional superordinate construct consisting of four subordinate dimensions: emotional support, instrumental support, role modeling behaviors, and creative work-family management. FSSB has been shown to alleviate the consequences of family role overload or inter-role conflicts [52] . Drawing on COR framework, FSSB acts as a valuable resource, providing emotional and instrumental support to help employees in competing work-family demands and providing more flexible work schedules and family-supportive assistance [53] . Employees who receive FSSB at work possess higher resources and have a greater capability to protect against resource loss, to recover from losses, and to gain new resources. The access to resources allows employees to perform better in managing multiple family role responsibilities and reduce the stress generated from work interferes with family [54] . The various work and family demands will be fulfilled better under the help of FSSB and thereby have higher level of happiness. Consequently, the negative impact of FRO and WIF on life satisfaction will be lessened.
Hypothesis 4 (H4). Family Supportive Supervision Behavior moderates (a) the relationship between FRO and life satisfaction and (b) the relationship between WIF and life satisfaction, such that these relationships are weaker for employees with a high level of Family Supportive Supervision Behaviors.
Our research model is illustrated in Figure 1 . 
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Materials and Measures
Sample
Data were collected from a large construction engineering design group in Southwest China under the help of a consulting firm. The survey was approved by the ethics committee of the corresponding institute. The group's HR department was contacted first to explain the study purpose and permission was granted. We obtained a list of 342 engineering personnel (including architecture, structural and construction engineers, project managers and HVAC engineers) who had been working in the group for more than 12 months. We informed these engineers that the data collection would occur across multiple waves and that data collected would be used for research purposes only. They were also assured of the confidential and voluntary nature of their participation and were promised that the group would not be intervened with at all. They understood that data would be examined anonymously. Each participant who completed all waves of the questionnaire were rewarded with a 50 Yuan (around 7.42 USD) voucher. The questionnaire was translated from English to Chinese by a professional and then translated back from Chinese to English by another professional [55] . The Chinese questionnaire was then validated with 10 randomly selected graduate students before being administered to the employees. Among the 342 engineers, 193 agreed to participate in our four-wave research project. For matching reasons, every participant was assigned a distinct participant code. During the first wave of data collection, the participants signed a consent form indicating that he or she understood all the privacy risks. Then the participants completed a questionnaire asking about their perception of FRO and of WIF on site. Two weeks after the first wave, the respondents filled in the questionnaire of FSSB on site. And two weeks after the second wave, the respondents filled in the questionnaire of life satisfaction on site. They were also assigned a wristband, which should be worn every night over the next two weeks to measure objectively-measured sleep sufficiency. Finally, two weeks after the third wave, they completed the questionnaire of self-reported sleep sufficiency and returned their wristbands on site. The valid response rate was 56.43%. We compared the age and gender distributions of the participants and the non-participants and the two-sample t-test suggested that there were insignificant differences.
We chose a multi-wave survey design to alleviate the common method bias. That was because participants were the source for the information of FRO, WIF, life satisfaction, FSSB and self-reported sleep sufficiency, which might cause participants to bias their responses. Multi-wave survey design is a widely-used method to add temporal separation so that such procedural remedies can reduce the impact of common method variance on study results [56] . To prevent careless responses [57] , we inserted an attention check question in each wave that instructed participants to circle the second to the last number shown on the survey, following the recommendation of [58] . None of the participants with fully completed data failed the attention check. Our sample was 52.3% male. Most of the participants had at least college degrees, and 78% were married. Around 73% of the participants had at least one child. The participants were aged 21-59 and their average age was 32. Although the average age of the participants was relatively young, previous studies indicated that young employees may suffer higher levels of work-family conflicts and more sleep disorders [59] , therefore, our sample is appropriate for this study.
Measures
Family-Role Overload (FRO)
We used a 5-item version of the scale developed by Thiagarajan at al. [60] . Consistent with [61] , participants were asked to respond to a set of parallel items (i.e., in my family/personal life: I have the time and energy in general; I need more hours to fulfill the duties at home; I have time for myself; I meet expectations of family members; I have more commitments to overcome than other parents/spouses) by reflecting upon the family/home-life domain. Cronbach's alpha was 0.92.
Work Interference with Family (WIF)
We used a 9-item scale developed by Carlson et al. [62] to measure WIF. These items represented time (i.e., I have to spend so much time on work responsibility that I have to miss family activities, my work keeps me from my family activities and from participating equally in household responsibilities), strain (i.e., I am often too frazzled to participate in family activities/responsibilities, often emotionally drained that it prevents me from contributing to my family, and too stressed to do the things I enjoy), and behavioral-based (i.e., the problem-solving behaviors I use in my job are not effective in resolving problems at home, behaviors that are effective and necessary for me at work would be counterproductive at home, the behaviors I perform that make me effective at work do not help me to be a better parent and spouse) work interference with family. Cronbach's alpha was 0.89.
Life Satisfaction
We measured life satisfaction with the five-item Satisfaction with Life Scale (i.e., my life is close to my ideal, the conditions of my life are excellent, I am satisfied with my life, I have gotten the important things I want, I would change almost nothing if I could live my life over) [29] . We asked participants to indicate their agreements with the items. Cronbach's alpha was 0.78.
FSSB
We used the 14-item scale of Hammer et al. [51] and assessed this construct. Respondents were asked to indicate to what extent (i.e., from 1-strongly disagree to 7-strongly agree) their direct managers were supportive in terms of emotional support, role modeling, instrumental support and creative management with regard to their work-family issues. A sample item was "my supervisor is willing to listen to my problems in juggling work and non-work life" (emotional support). Cronbach's alpha was 0.92.
Self-Reported Sleep Sufficiency
We measured sleep sufficiency using one item [63, 64] . The question was "how often during the past four weeks did you get enough sleep to feel rested upon waking up?" Items were rated on a scale ranging from 0 (never) to 100 (very often).
Objectively-Measured Sleep Sufficiency
We followed Crain et al.'s approach [11] to use a smart wristband to objectively assess sleep sufficiency. The wristband included a heart rate monitor in addition to an accelerometer. Both sensors could detect different stages of sleep because the long-range correlations during wakefulness and rapid eyes movement (REM) sleep were caused by the enhanced influence of the brain on the autonomous nervous system and heart rate was one of the representative signals of the autonomous nervous system [65] . Prior studies reported that such device represents a reliable and valid objective measure of sleep duration, as long as not used for the diagnosis of sleep disorders [11, [66] [67] [68] [69] . We followed Crain et al. [11] to objectively measure the sleep sufficiency by the average percentage of REM sleep, light sleep and deep sleep over the total minutes on bed per night.
Control Variables
We included the following control variables in the analyses: age, gender (1 for female and 0 for male), marriage (1 for married and 0 for otherwise), number of children, and educational level (0 for without college degree, 1 for with college degree and 2 for with post-graduate degree).
Descriptive Statistics
Descriptive statistics and correlations of all study variables were presented in Table 1 . We found that FRO and WIF were negatively associated with life satisfaction and both sleep sufficiency. FSSB was positively associated with FRO and WIF but negatively associated with life satisfaction and sleep sufficiency. Finally, people with higher education level tended to report a higher level of sleep sufficiency. 
Analyses and Results
Hypotheses Testing
Although we employed a multiple-wave research design, it was important to test whether the common method bias [69] might occur in this study. We followed MacKenzie and Podsakoff [70] . We added a latent factor called common latent factor (CLF) which was loaded on all observed variables. Then we constrained all new paths to the same regression weight and set the variance of CLF to one to avoid unidentified model. We found that there was no change in the regression weight of unconstrained paths before and after adding CLF. The result indicated that our model was not affected by common method bias.
In addition, we tested the construct validity of our research model with different settings. We first estimated a one-factor CFA model (Model 1) in which all items loaded on one latent variable. As shown in Table 2 , the model yielded poor model fit. We estimated a two-factor CFA (Model 2) in which the predictors of WIF and FRO were loaded on one latent factor and the indicators of life satisfaction, self-reported sleep sufficiency and objectively-measured sleep sufficiency were loaded on another latent factor. Then, we conducted a CFA model (Model 3) that separated life satisfaction and sleep and combined only WIF and FRO, the model fit of which also showed poor results. Finally, we tested Model 4, a five-factor CFA model, which (IFI = 0.93, CFI = 0.93, RMSEA = 0.06) fit the data significantly better than the other models. We conducted the Chi-squared tests with these models. The results shown in Table 3 confirmed that Model 4 (with the construct structure of our research model) outperformed the other models in terms of goodness of fit. Table 4 shows that the path between FRO and life satisfaction was −0.43 (p < 0.01) and the one between WIF and life satisfaction was −0.19 (p < 0.05), which supported hypotheses H1 and H2. Furthermore, life satisfaction was significantly positively related to both self-reported sleep sufficiency (0.22, p < 0.05) and objectively-measured sleep sufficiency (0.23, p < 0.01). Thus, hypotheses H3a and H3b were supported. Then, we assessed the mediation role of life satisfaction by focusing on the indirect effects of WIF and FRO on two sleep variables [71] . We followed Rucker's approach [71] to add direct paths from FRO and WIF to the two sleep sufficiency variables respectively (Model 5). We estimated Model 5 with a bootstrapping (5000 times). The direct effect of WIF to objective-measured sleep sufficiency was significantly negative (−0.19, p < 0.01), while the other three additional paths were not statistically significant. In addition, we followed Rucker et. al. [71] to calculate the size of the mediation effects by computing the product of the two indirect paths respectively. The results were shown in Table 5 . Based on the criteria of Shrout and Bolger [72] , the mediation effect size of life satisfaction between the nexus of FRO and sleep sufficiency was medium while that of life satisfaction between the nexus of WIF and sleep sufficiency was small. These consistent results led to a conclusion that life satisfaction cannot mediate the impact of WIF on both subjectively-reported and objectively-measured sleep sufficiency. Lastly, we applied two methods to examine the moderating effect of FSSB. We first generated two interaction variables by multiplying FSSB (aggregated from its items by taking arithmetic mean) and FRO (aggregated score) and WIF (aggregated score) respectively. We estimated a full SEM (Model 6) by including these two interaction variables in our research model. Results shown in Table 2 indicated that Model 6 fit the data quite well. But the paths of both interaction variables were not statistically significant (see Table 4 ).
To conduct a robustness check, we followed Blunch's approach [73] , by dividing the full sample into high FSSB group and low FSSB group by the median and then re-estimating our research model with two sub-samples (Model 7). The paths between FRO to life satisfactions and between WIF to life satisfaction were also not statistically different between these two groups. Finally, we conducted the chi-squared tests to compare Model 7 to a full SEM (Model 8) in which we constrained the path from FRO to life satisfaction to be equal in both groups, to a full SEM (Model 9) in which we constrained the path from WIF to life satisfaction to be equal in both groups, and to a full SEM (Model 10) in which we constrained both paths to be equal in both groups respectively. Results shown in Table 3 confirmed that Model 8-10 were not statistically different from Model 7, which confirmed the moderating effect of FSSB was trivial. Therefore, the results of both moderating effect tests were consistent so that we concluded that Hypothesis H4 was not supported.
Discussion
This study tested the relationships among FRO, WIF, life satisfaction and sleep sufficiency in the construction industry using the framework of COR theory. The findings enhanced our understanding on how the intersections between work and family influence people's life and sleep.
Theoretical Implications
Our research findings offered important contributions to the extant literature. First, this study offered unique insight into the role in which life satisfaction plays. Our findings confirmed that life satisfaction actually played a medium-sized mediating role in the FRO-sleep nexus and therefore provided an empirical evidence to support the theoretical perspective [31] on FRO and life satisfaction, which may have important implications in the domain of public health.
Second, our study advanced our understanding on the limits of FSSB [74, 75] , as our findings suggested that FSSB was not helpful in alleviating the threats of FRO and WIF on life satisfaction in the construction industry. De Jonge and Dormann [76] argue that the effect of FSSB are more significant when stressors, resources and strains all match in terms of being cognitive, emotional, or physical. This study confirmed that the benefits of FSSB were not universal but were subject to occupational circumstances. In China, as infrastructure demands (e.g., housing and railway construction) have surged to meet the pace of modernization [77] , and most construction professionals are obligated to stay at constructions sites for weeks or even months [78] . Long and inflexible work hours, unsafe working conditions and separation from family become the fundamental nature of their occupation, which can hardly be improved by a particular supervisor. That is to say, although supervisors may adjust work assignments to support employees' family needs, construction professionals may feel stressed because the resources they lose (time, safety, valued family role) are uncompensated. Construction professionals have to always fight with physical exhaustion and to cope with the stress in both workplace and families. Thus, the moderating mechanisms of FSSB in the Chinese construction industry may not be substantial.
Finally, our study reported that WIF has a negative, direct effect on objectively-measured sleep sufficiency. This finding indicated the workaholic culture in the Chinese construction industry may have serious work-exhaustion-related consequences, as work domain occupies most of the resources of construction professionals. They may have little time spending with families or may bring negative emotions to their family domains. The loss of resources is likely to result in strain which prevents construction professionals from achieving high life satisfaction and from attaining adequate amounts of sleep. In short, our study extended the empirical progression of work-family research to wider industry contexts [79] and served as a useful starting point to establish the generalizability of work-family research in the construction industry.
Practical Implications
Our study had implications for construction firms. Our findings indicated that FSSB is not a useful managerial tool to alleviate the impact of FRO and WIF on life satisfaction. Managers may provide substantial help (e.g., a mandatory paid-time-off policy, vocation vouchers, compensatory time) and break workaholic practices in China. Managers also need to revise their definition of hard work by establishing a work-life-balance friendly performance grading system, a system that evaluates output and productivity over the perceived effort and time construction professionals put in.
Limitations and Future Research Directions
Since FSSB was not a statistically significant moderator in this study, future research should explore other potential moderating variables that could alter the links between FRO and WIF and life satisfaction respectively. We suggest that future researches focus on one specific policy (for example, paid leave) to figure out a practical way to help employees in relieving pressure and promoting life satisfaction as well as sleep.
In addition, we included five basic characteristic variables as control variables in the model. However, it is important for future studies to shed more light on the impact of social-economic factors such as gender inequality and age on life satisfaction and sleep problem, as previous studies highlight that caregivers (usually females) [15, [80] [81] [82] [83] [84] [85] and older people [80, 86, 87] usually suffer more from sleep disturbances.
Finally, we used a sample of construction professional from the southwest region of China, which might limit the generalizability of our findings in other regions or countries. Future studies may conduct cross-cultural comparisons to examine the potential impact of culture differences on our research model. 
